The supermassive black hole, Sagittarius A* (Sgr A*), at the centre of the Milky Way undergoes regular flaring activity which is thought to arise from the innermost region of the accretion flow. We performed the monitoring observations of the Galactic Centre to study the flux-density variations at 3mm using the Australia Telescope Compact Array (ATCA) between 2010 and 2014. We obtain the light curves of Sgr A* by subtracting the contributions from the extended emission around it, and the elevation and time dependent gains of the telescope. We perform structure function analysis and the Bayesian blocks representation to detect flare events. The observations detect six instances of significant variability in the flux density of Sgr A* in three observations, with variations between 0.5 to 1.0 Jy, which last for 1.5−3 hours. We use the adiabatically expanding plasmon model to explain the short time-scale variations in the flux density. We derive the physical quantities of the modelled flare emission, such as the source expansion speed v exp , source sizes, spectral indices, and the turnover frequency. These parameters imply that the expanding source components are either confined to the immediate vicinity of Sgr A* by contributing to the corona or the disc, or have a bulk motion greater than v exp . No exceptional flux density variation on short flare time-scales was observed during the approach and the flyby of the dusty S-cluster object (DSO/G2). This is consistent with its compactness and the absence of a large bow shock.
INTRODUCTION
It has been established that the centre of the Milky Way harbours a supermassive black hole (SMBH) with a mass of 4 × 10 6 M , which is associated with the compact radio source, named Sagittarius A* (Sgr A*) at a distance of 8 kpc from Earth (Eckart & Genzel 1996; Genzel et al. 1997 Genzel et al. , 2000 Eckart et al. 2002; Schödel et al. 2002 Schödel et al. , 2003 Eisenhauer et al. 2003 Eisenhauer et al. , 2005 Ghez et al. 2004 Ghez et al. , 2005 Ghez et al. , 2009 Gillessen et al. 2009b,a) . Multiwavelength observations at E-mail:borkar@ph1.uni-koeln.de; radio, submillimeter, IR and X-ray wavelengths have shown that the bolometric luminosity of Sgr A* is several orders of magnitude less than its corresponding Eddington luminosity. Several theoretical models have been proposed to explain the faint emission, which require a very inefficient radiation mechanism for the predicted mass inflow of the accreting gas (Narayan et al. 1998; Liu & Melia 2001; Melia & Falcke 2001; Yuan, Quataert & Narayan 2003; Goldston, Quataert & Igumenshchev 2005; Liu, Melia & Petrosian 2006) . A fairly successful modelling of the multiwavelength spectrum of Sgr A* was done using the advection dominated accretion flow (ADAF) model (Narayan et al. 1998) , which predicts a two-temperature radiatively inefficient flow which is advected across the event horizon. Estimates from the observations of radio and submillimeter polarisation Marrone et al. 2006 ) predict significantly lower electron densities in the accretion region of Sgr A*, implying that most of the material does not reach the central black hole. The study of the flare emission from Sgr A* allows us to contribute to the solution of this issue.
Studies of the variability of Sgr A* have presented the intra-day flux density excursions (called 'flares') of Sgr A* from radio to submillimeter wavelengths (Bower et al. 2002; Zhao et al. 2003; Herrnstein et al. 2004; Mauerhan et al. 2005; Li et al. 2009 ). These flares have been demonstrated to follow the brightest simultaneous NIR/X-ray flares with a delay of ∼ 100 min (Eckart et al. 2004 (Eckart et al. , 2006a (Eckart et al. , 2008 (Eckart et al. , 2012 Marrone et al. 2008; Yusef-Zadeh et al. 2006b . The synchrotron self Compton (SSC) model has been used to explain the flare emission at these wavelengths. The model involves up-scattering of the sub-mm photons from a compact source component. The inverse Compton scattering of the THz-peaked flare spectrum by relativistic electrons gives rise to the X-ray flares while the NIR flares arise due to the synchrotron and SSC mechanism (Markoff et al. 2001; Liu & Melia 2002; Yuan, Quataert & Narayan 2003) . The flares in radio and submillimeter regime are caused by the adiabatic expansion of the source components (Eckart et al. 2008 (Eckart et al. , 2012 . The study of the flaring activity gives us indirect constraints on the details of the emission mechanism and the geometry of the source.
In this paper, we report the results of our observations of the GC at 3.5 mm, taken between 2010 to 2014 using the ATCA. In Section 2, we describe the observations and data reduction processes used to obtain the light curves for Sgr A*. The results of the observations are discussed in Section 3, where we report the detection of significant variability seen in the light curve in 3 epochs using structure function analysis and Bayesian blocks representation. The modelling and analysis of the observed flares using the adiabatic expansion model are discussed in Section 4, followed by summary and conclusions in Section 5.
OBSERVATIONS AND DATA ANALYSIS
Between 2010 and 2014, we observed the GC at 3 mm wavelength with the ATCA. ATCA is an array of six 22-m telescopes located at the Paul Wild Observatory in Narrabri, NSW, Australia, of which five are available for 3mm observations. The location of ATCA allows us to observe the GC for more than 8 hours a day, as the GC passes almost overhead in the southern hemisphere. The Compact Array Broadband Backend (CABB), upgraded in 2007, allows for observations with two 2048 MHz intermediate frequency (IF) bands. We performed the observations with the spectral line mode wherein we observed at two different frequency bands at 86.243 and 85.640 GHz, corresponding to two transition lines of the SiO maser (SiO J = 2 − 1, v = 1 and J = 2 − 1, v = 2). The GC was observed for approximately 10 − 12 hours per observation day with bandpass calibration for 30 min with PKS 1253 − 055 before the observations and flux calibration with Uranus at the end of the observations. Sgr A* was observed with three sets of 25 min on-source observations which are in-between the observations of gain calibrators (see Table 1 ). Sgr A* is strong enough that it can be used as a self calibrator for phase calibrations. The details of the observations are summarised in Table 1 . The interferometer data was mapped and reduced using the MIRIAD data reduction package.
The antenna gain of ATCA depends significantly on the elevation angle and has a maximum efficiency at the elevation angle of 60
• and a minimum value at the elevation angle of 90
• . Further, the gravitational distortion of the dish limits the antenna efficiency at angles below 40
• . The antenna gain is also dependent on the angular distance between Sgr A* and the calibrator (Li et al. 2009 ). The gain corrections derived from a distant calibrator cannot fully compensate for the elevation effects, which will show up in the light curve. To avoid this, we used nearby calibrators within 10
• of Sgr A* as the gain calibrators, mainly PKS 1741 − 312 which is only 2.29
• away. We also used secondary gain calibrators to check for consistency. At millimeter wavelength, the atmosphere is no longer transparent and can cause large variations in the gain. Strong variation due to the thick atmosphere is observed at lower elevation angles (less than 45
• ). Also, for some array configurations, shadowing is significant for elevations of < 40
• . Thus we only use the observational data above the elevation of 40
• . The unavailability of the 6th antenna for the 3mm observations means that the maximum baseline available is 214 m for the H214 configuration which we have used predominantly. This gives a synthesized beam of 2 . At this angular resolution the diffuse emission from the extended sources surrounding Sgr A*, such as the mini-spiral, dominates the flux density at shorter baselines. This emission also contributes to the flux at longer baselines. Table 2 shows the median flux density of Sgr A* obtained from the light curves for the observations. The median value is assumed to represent the observed flux density value around which flux variations are detected. These values are consistent with the flux density values from the ATCA database, and also compatible with the recent VLA observations of Sgr A* (Sjouwerman & Chandler 2014). The flux contains contribution from the extended emission around Sgr A*. A 500 minute (∼ 8 hour) variability in the flux density of the Sgr A* has been indicated by Witzel et al. (2012) and Dexter et al. (2014a) , which may account for the difference in the day to day flux density values.
These contributions need to be accounted for to obtain the flux density intrinsic to Sgr A*. To correct for the extended flux contributions as well as for the atmospheric and instrumental variations in the flux of Sgr A*, we used the method developed by Kunneriath et al. (2010) . First the flux values from two orthogonal pairs of the longest baselines were extracted, and the median baseline and time dependent flux was subtracted for each baseline from each dataset of observations. For each baseline b, s b (t) represents the flux density observed for that baseline. Then S b (t) gives the median baseline flux for each year
The time dependent differential flux density I(t) and the uncertainties δI(t) were calculated using and
Here µyr represents the median operator with the median taken over the observation epochs for each year, while µ b is the median calculated over different baseline. The uncertainty in the differential flux density δI(t) is the median of the deviation from the median flux I(t). As the differential flux takes both positive and negative values, a constant flux was added or subtracted to the differential flux densities to model the flux densities. We attribute the residual flux density dips/excesses to variations in the intrinsic flux density of Sgr A*.
RESULTS
The observations at 3mm with ATCA are very sensitive to atmospheric conditions. On several observing days, the light curves are contaminated by atmospheric turbulence or rain- In 2013, heavy rainfall on three days prevented from observing the GC and no data was obtained on 27 June, 1 September and 16 September (marked by '−' in the Table 1). On 31 August and 14 September, large fluctuations in part of the data were observed due to turbulence while during the remaining time, the flux remained fairly stable. No significant fluctuations were observed on 26 June 2013 either.
The observations in 2014 were not affected by any atmospheric events. The conditions were good and we obtained good quality flux data for all observation days. Although the data quality was good, we do not detect any flaring activity on any day of 2014 of the time-scale of ∼ 150 minutes within the observation times.
Structure Function Analysis
The structure function analysis has been extensively used to study the light curves and to characterise the variability in AGN light curves (Simonetti, Cordes & Heeschen 1985; Hughes, Aller & Aller 1992; Paltani 1999) , and in Sgr A* light curves (Do et al. 2009; Yusef-Zadeh et al. 2011; Dexter et al. 2014b ). The first order structure function is defined as
where I(t) is the signal at time t and τ is the time lag. For an unevenly sampled data, the structure function is calculated by measuring the [I(t) − I(t + τ )]
2 for all possible values of lag τ and placing them into bins. The value of the structure function for a bin is the average of all values of SF in that bin, while the median time lag of each bin is assumed as the lag for that bin. The errors are calculated using σ bin / √ N bin where σ bin is the standard deviation of the data points in each bin and N bin is the number of points in each bin.
Ideally, the structure function shows two plateaus at the two ends of the curves which are connected by a power law portion. The plateau at the lower lag values is proportional to the measurement noise, while the plateau at the large lag values is proportional to the variance in the signal fluctuations at time lags longer than the variability timescale of the underlying physical process. The structure function is usually characterised by the slope of the power law portion, given by d log SF/d log τ , which is a measure of the variability of the process.
The Fig. 1 shows the structure function plots for the observations not affected by atmospheric events. The rapid drop in the values of SF at very large time lags can be explained by the limited sampling of the data at large time lags. The irregular bends in the curves can be attributed to irregular and uneven sampling of data. The structure function curves suggest that most of the power lies in the longer timescale fluctuations (∼ 60 − 130minutes) in the Sgr A* flux. The slopes of the power law are calculated for the long timescale lags. The values of the slope are found to be ∼ 0.4 − 0.7 which can be described by pink noise. On three occasions, we detect the slope ∼ 1.0 suggesting strong variability at those lag time scales, an indication of flare events.
Bayesian Blocks Analysis
To evaluate the light curve of Sgr A* and to search for flare events, we make use of the Bayesian Blocks algorith. This algorithm assumes that the light curve can be divided into series of blocks of constant flux, with each block having flux values with no significant variation. Larger variations in the flux will form separate blocks with different flux values. The points separating each block are called change points. We make use of the "point measurements" Bayesian Blocks algorithm described by Scargle et al. 2013 , which is used for the analysis of radio data. The number of blocks and change points are determined using the false positive probability p0 (= 0.05), and then iteratively determining the optimum number of blocks. This method has been used extensively to analyse the observations of X-ray and Gamma-ray sources (Ackermann et al. 2013; Burgess et al. 2014; Ramakrishnan et al. 2014) , and X-ray observations of Sgr A* (Neilsen et al. 2013; Barrière et al. 2014; Ponti et al. 2015; Mossoux et al. 2015) .
The flares are defined by the Bayesian blocks with flux density values significantly different than the quiescent values. The start and end times of the flares are given by the change points describing the blocks with elevated flux density values, with the flare duration given by the total duration of all the blocks. The peak of the flare is calculated from the average flux density value in the block where peak is observed. We also take into account the characteristic timescale of ∼ 100 − 150 minutes of the flare events at 3mm wavelength (Mauerhan et al. 2005 ) to determine possible flare events.
We observed flaring events on three occasions, 13 May 2010, 17 May and 18 May in 2012. The light curves of the corresponding dates are shown in Fig. 2 . These flares will be discussed in the following section in detail.
Flare events 13 May 2010:
The first two flare events were detected on 13 May 2010. The first flare was observed at the beginnig of observations, starting at around 13.9 hrs and ending at 15.8 hrs UT. The differential flux of Sgr A* increased by 0.5 Jy in 50 minutes, before decreasing slowly to 0.1 Jy. The second flare was observed immediately after the first, where the flux increased again steadily from 0.2 Jy to 1.0 Jy in 1 hr, followed by a decline back to 0 Jy. This was one of the strongest flare detected from all the observations with a flux variation of 0.8 Jy.
May 2012:
We detected two instances of strong variation in differential flux on 17th May, 2012, starting at the beginnig of observations and at 15.6 hrs UT respectively. The differential flux first increased by 0.4 Jy within 1 hour, followed by a decrease to 0.1 Jy. The second flare followed with a flux increase to 0.8 Jy in 45 minutes. The two flares are centred at 14.0 hr UT and 16.5 hr UT respectively. The observations for 2013 and 2014 were scheduled to monitor the activity of Sgr A* during the periapse passage of the dusty S-cluster object (DSO) which was discovered recently, where large flux variations were predicted (Eckart et al. 2013; Valencia-S. et al. 2015 , see Section 5.1 for details). During the 2013 campaign, observations were not possible for 3 of the 6 scheduled days due to heavy rainfall. On the rest of the three days, parts of the observation were affected by atmospheric turbulence, but we detected no significant excursion in the unaffected parts of the light curves. In 2014, the observations went without any hurdles and the signal to noise ratio was good. We do not detect any significant flux variation on the flare time scales of ∼ 150 minutes and no flares were observed with their start and end times within the observed time range.
During all the observed flaring events, the calibrator flux density has remained constant, thus supporting our conclusion that the observed flux density variations originate from Sgr A*.
FLARE ANALYSIS
To explain the flaring activity of Sgr A*, several models have been proposed. Here, we use the adiabatically expanding plasmon model to analyse the flares.
The Plasmon Model
The expanding plasmon model proposed by van der Laan (1966) has been used to explain the radio and sub-mm flares of Sgr A*. Previous studies of multiwavelength analysis of the simultaneous flaring of Sgr A* (Eckart et al. 2006a (Eckart et al. , 2008 (Eckart et al. , 2012 Yusef-Zadeh et al. 2006a have shown that the light curves peak at successively lower frequencies (from NIR to sub-mm to millimeter to radio frequencies) as self absorbed synchrotron source expands after the initial event that energises the electrons. The peak of the emission at a particular frequency occurs when the blob becomes optically thin at that frequency. The size of the blob determines the peak of the flux while the expansion speed determines the time period of the flare. The model predicts that at high frequencies where the blob is optically thin, the simultaneous flaring and declining emission occurs at NIR and X-ray wavelengths, and then successively at lower frequencies in sum-mm and mm radio regime where the blob is initially optically thick.
This model assumes that a uniformly expanding blob of relativistic electrons with a power-law energy spectrum, n(E) ∝ E −p embedded in a magnetic field that declines as R −2 . The particle energy of each relativistic particle declines as R −1 and the particle density scales as R −3 , as a result of expansion of the blob (van der Laan 1966). The frequency dependence of the flux density Iν is given as
Hereν = (ν/ν0) is the normalised frequency, ρ = (R/R0) is the expansion factor for the expanding blob of synchrotron emitting relativistic electrons with R0 as the initial radius, and ξ(τν ) =
, which describes the exponentially declining part of the flare. The optical depth of the synchrotron radiation τν scales as
where τ 0 is the critical optical depth at the peak of the flux density at any particular frequency, and ν0 is the frequency at which the flux density peaks when R = R0 at time t = t0. For frequencies ν0 the blob is initially optically thin. The initial optical depth τ 0 depends only on the particle spectral index p through the condition
Thus for a given particle spectral index p and peak flux density I0 at the turnover frequency ν0, the model gives the variation in flux density at any frequency as a function of the expansion factor ρ = (R/R0). To fit the model to the light curves, we have to convert the dependence of Iν and τν from expansion factor to time. We assume that the blob expands uniformly at a constant speed so that the expansion radius R is a simple linear function of time, with a constant expansion speed of vexp, given by R − R0 = vexp(t − t0).
The initial radius R0 is usually expressed in multiples of the Schwarzschild radius. One Schwarzschild radius corresponds to Rs = 2GM /c 2 ∼ 10 10 m for a supermassive black hole of mass ∼ 4 × 10 6 M , which translates to the velocity of light to be about 100 Rs per hour. At times t<t0, we assume that the source has an optical depth equal to its frequency-dependent initial value τ 0 at R=R0. For the optically thin part of the spectrum, the flux increases initially with increasing source size at constant optical depth τ 0 and then decreases with decreasing optical depth as it expands. For t>t0, an increase in the turnover frequency ν0 or the initial source size R0 shifts the decaying flank of the curve to later times, thus lengthening the duration of the flare. A decrease in the spectral index α synch = (p − 1)/2 or peak flux density I0 also has the same effect in the shape of the decaying flank of the curve, while increasing the adiabatic expansion velocity, vexp, shifts the peak of the light curve to earlier times. Flare timescales are longer at lower frequencies and have a slower decay rate, as a result of adiabatic expansion.
For the modelling of the NIR flares, the synchrotron self-Compton (SSC) model has been used in conjugation with the adiabatically expanding plasmon model. In this model, the synchrotron and SSC components in the temporary accretion discs are upscattered by SSC processes to NIR/X-ray regime and then the adiabatic expansion results in the radio/sub-mm emission. The detailed formulation of this model has been discussed by Sabha et al. (2010) and Eckart et al. (2012) . This formalism allows us to constrain the strength of the magnetic field as a function of the turnover frequency νm, which is given by B ∼ θ 4 ν
m . Here θ is the angular size of the synchrotron component, while Im is the peak flux density at the turnover frequency.
The modelling of the 13 May 2010 flares:
The first flare (flare A) is modelled using a source component of initial radius 1.67 Rs. The expansion speed of the blob was found to be 0.015 c. The particle spectral index p and the turnover frequency were 2.2 and 469.2 GHz respectively.
The second flare (flare B) is modelled using a component arising at 15.8 hr UT and centred at 17.2 hr UT. The fitted model gives the expansion speed of 0.021 c for a source of initial radius of 3.61 Rs and particle index of 2.54. The turnover occurs at 378.7 GHz.
The modelling of the 17 May 2012 flares:
We detected two flaring events on this day. The first source component (flare C) originate at 12.8 hr UT and reaches the peak intensity at 14.15 hr UT. The expansion speed of the blob of initial radius 1.60 Rs was estimated to be 0.0135 c with the particle spectral index of 2.32 and the turnover frequency of 542.7 GHz.
For the second flare (flare D), the source component is assumed to have originated at 15.6 hr UT, and reaching peak flux density at 16.5 hr UT. The expansion speed for the blob is 0.022 c, with the particle index of 2.35. The turnover frequency was found to be 512.3 GHz for initial radius of 1.67 Rs.
The modelling of the 18 May 2012 flare:
The first of the two detected flare events was modelled with the source component of radius 2.27 Rs with the expan- sion speed of 0.023 c, particle index of 2.1 and the turnover frequency of 545.9 GHz. The modelling of the second flare required a source component of size 1.35Rs expanding at the speed of 0.017 c. The spectral index and the turnover frequency of the blob was estimated to be 2.34 and 652.0 GHz respectively. The details of all the fitted parameters from the expanding plasmon model for all the observed flare events can be found in Table 3 . The modelled curves fitted to the differential light curve data are shown in the Fig. 3 .
Modelling Context
The adiabatically expanding plasmon model has been used extensively for the analysis of flaring of Sgr A*. It successfully describes the evolution of the synchrotron-SSC blob that gives rise to the flaring event and its physical parameters. But this model does not explain the origin of the expanding plasmon. Two models, viz. the hot-spot model and the jet model, have been invoked to explain the origin of the synchrotron-SSC blob. These models can be briefly described as follows.
The Hot Spot model:
A frequently used model to explain the short term NIR and X-ray variability is the orbiting hot spot model (Broderick & Loeb 2006; Eckart et al. 2006a) . This model consists of bright overdensities forming hot spots in the accretion disk that are revolving around the SMBH in a Keplerian orbit close to the last stable orbit. The relativistic beaming effects and Doppler shift causes the component to look brighter while approaching than while receding. The relativistic effects, combined with the SSC modelling are able to estimate the NIR and X-ray flare parameters well (Eckart et al. 2006a; Zamaninasab et al. 2010) . The hot spot model has been applied to the radio and sub-mm flares with the radiatively inefficient accretion models by accounting for the disc opacity effects in the radio band (Broderick & Loeb 2006; Li et al. 2009 ). The hot spot model can explain some aspects of the accretion discs in active galactic nuclei and accreting stellar-mass black holes in binary systems, but a standard gaseous disc is absent near Sgr A* (Levin & Beloborodov 2003) . Though this model can explain the flaring activity at NIR/X-ray and radio/sub-mm wavelengths, it does not account for the ∼ 100 minute time lag between flares in the NIR and radio regime.
The time variable NIR emission from Sgr A* can be described as a result of a single continuous power-law process (Witzel et al. 2012) . This continuous variability process shows a break time scale around a few hundred minutes. It is also on these time scales that the Fourier power in the variability amplitudes drops. Therefore extreme flux density excursions typically last for about 100 minutes, often considered as flares. There is an indication that a similar time scale may be of importance in the radio domain. Mauerhan et al. (2005) find an indication of a 150 minute time scale for Sgr A* at 3 mm wavelength.
The Jet Model:
Another model that has been used to study the flare emission of Sgr A* is the Jet-ADAF model (Falcke, Mannheim & Biermann 1993; Markoff et al. 2001; Yuan, Markoff & Falcke 2002 ). The combined accretion-jet model has been used to describe the broadband spectrum and the quiescent emission of Sgr A*. The interaction of the synchrotron and SSC components in the accretion disc with the short jet gives rise to the emission from Sgr A*. To describe the flaring this model assumes a source component of synchrotron emitting relativistic electrons in the accretion flow that gets caught up in the nozzle/outflow of the jet. The upscattering of the SSC components give rise to X-ray and NIR flares. The blob gets accelerated and expands as it moves along the jet. Thus different sections of the jet give rise to emission at successive radio wavelengths. The Jet-ADAF model successfully predicts the simultaneous flaring in the NIR and X-ray regime, and explain the time delay between the NIR/X-ray and radio/sub-mm flares. It also predicts the 10% linear polarisation as observed in the sub-mm bump. The jet model has been successfully applied to several low luminosity AGNs (LLAGN) (Herrnstein et al. 1998; Bietenholz, Bartel & Rupen 2000; Yuan, Markoff & Falcke 2003; Anderson, Ulvestad & Ho 2004; Liu & Wu 2013; Nemmen, Storchi-Bergmann & Eracleous 2014) . Sgr A*, considered to be the weakest LLAGN, is also assumed to have a jet outflow. Although a jet from Sgr A* has been predicted, there have not been robust detections of any jet from Sgr A*. There has been circumstantial evidence for the presence of a jet. Detections of the extended features at position angles 120 o to 130 o (Eckart et al. 2006a,b; Morris et al. 2004 ) coupled with the NIR polarization of synchrotron radiation suggests the presence of a jet (Shahzamanian et al. 2015) . Comparative analysis of the AGN parameters gives an upper limit on the size of the Sgr A* jet to be around 10 −3 AU, which is significantly smaller than the current best resolution . It is possible that the low surface brightness of the jet makes its detection difficult and it remains hidden. Future observations with higher angular resolution with the next generation telescopes will be able to resolve the close vicinity of Sgr A*.
It is possible that the two qualitatively disparate approaches will be united (Eckart et al. 2015) . In the simplest approach, the relativistic bulk motion of the orbiting or the outward travelling source is described by the Lorentz factor. A helical-type trajectory of the source is in fact more likely. While in the central plane the flux variations are assumed to be the result of the orbital motion, in the case of an outflow the variations are related to ejection directed along the jet (with bulk velocity close to the speed of light). This is because the foot-points of magnetic field lines are embedded into the orbiting material near the black hole, where they are frozen in the accreted medium and dragged in the toroidal direction, while further out the emerging field-lines are twisted into the spiral shape that induces the radial component of the blob velocity.
A phenomenological description of the orbiting blobs in helical motion along a funnel or cone shaped magnetic surfaces anchored in the inner accretion disc was recently reexamined by Mohan & Mangalam (2015) . It has been proposed that quasi-periodic variability can be caused by motion along outward spiralling trajectories. In principle, this can be tested by observing the variable signal in different energy bands, and by polarimetry (Broderick & Loeb 2009 ).
DISCUSSION
The adiabatically expanding plasmon model has been successfully used to explain the flaring of Sgr A* at the NIR, submillimeter and radio wavelengths. (Eckart et al. 2006a (Eckart et al. , 2008 Yusef-Zadeh et al. 2006a; Kunneriath et al. 2010 ). These observations show that the synchrotron emission is initially optically thick at millimeter wavelengths, and optically thin at NIR wavelengths, with the turnover occurring in the submillimeter region. The expansion modelling of the millimeter flares by Yusef-Zadeh et al. (2006b predicts the turnover occurring at frequencies 350 GHz. Sim- ilar values of the turnover frequency of around few hundred GHz are estimated by Kunneriath et al. (2010) and Eckart et al. (2012) . The values of the initial blob radius R0 and the particle spectral index p strongly depend on the value of the turnover frequency, which determine the flux density in the optically thick and optically thin part of the spectrum, respectively. Higher values of ν0 in the THz regime also give reasonable fits to the data but they overestimate the particle spectral index and the peak flux densities at submillimeter wavelengths (Eckart et al. 2008) . The particle index of 1.5 p 3.5 best describes the flux density at millimeter wavelength (Yusef-Zadeh et al. 2006a ). The estimates of the parameters obtained from our data are fairly consistent with these values.
We obtain the expansion velocities of the blob of 0.013− 0.025 c which are within the range of previously published results (Eckart et al. 2008; Yusef-Zadeh et al. 2008; Li et al. 2009) . These values are an order of magnitude smaller than the relativistic sound speed in the absence of external pressure in the vicinity of the SMBH, which is estimated to be around 0.2 c. Such low expansion speeds imply that the expanding blob either has a higher bulk motion or it is confined to the vicinity of Sgr A* in the form of a disc or a corona. An expansion of a hot spot source component through shearing caused by the differential rotation within the accretion disc may explain the low expansion velocities. We also find that the magnetic field strength values obtained using the SSC modelling constraints are generally less than 10 G, which are within the range of previously observed values (Kunneriath et al. 2010; Li et al. 2009 ). Fig. 4 shows the plot of spectral energy distribution (SED) of Sgr A*. The green shaded region describes the extent of the observed flux density values of Sgr A* from literature (Zylka et al. 1995; Serabyn et al. 1997; Pierce-Price et al. 2000; Aitken et al. 2000; Marrone, Rao & Moran 2004) , while the black dashed line shows the model fit for the SED given by Dexter et al. (2010) , which gives a bound to the observed flux density values. The red points represent the peak flux density Smax obtained at the turnover frequency ν0 from the modelling of our observations. We show the spectrum for flare B (blue solid line) as an example. As it can be seen from the peak flux values that we obtain are consistent with the other observations within the margin of error. The spectrum of the modelled flare has a distribution compatible with previous observations and with the SED model by Dexter et al. (2010) . The spectral index obtained for our modelled flares is consistent with the observed flares in radio & sub-mm wavelengths (Yusef-Zadeh et al. 2006a Li et al. 2009; Kunneriath et al. 2010 ) and with the observed infrared spectral indices and the associated infrared flux is well within the range of observed values.
No detection of DSO-induced activity
Recently, a fast moving infrared excess source was detected approaching the central black hole, called G2/DSO (dusty S-cluster object) (Gillessen et al. 2012 (Gillessen et al. , 2013 Eckart et al. 2013 ). This has raised attention with regards to the GC and sparked many multiwavelength observation campaigns of the GC. Several theories have been put forward to explain the origin and nature of the object. From the infrared excess of the source, it has been speculated that it consists of dominant fraction of gas and dust (Gillessen et al. 2012 (Gillessen et al. , 2013 Pfuhl et al. 2015) , while the NIR/MIR spectrum allow for the stellar contribution which has been favoured by others (Eckart et al. 2013; Murray-Clay & Loeb 2012; Scoville & Burkert 2013; Ballone et al. 2013; Phifer et al. 2013; Jalali et al. 2014) . From the spectroscopic measurements, the object was predicted to undergo peribothron around in 2014. Pfuhl et al. (2015) detect a blue-shifted Brγ emission from the DSO in their April 2014 dataset, while Valencia-S. et al. (2015) detect blue-shifted emission in their dataset after May 2014, where they conclude that the DSO has remained spatially compact. The L' band observations by Witzel et al. (2014) also find that the DSO has maintained the compact shape and its Keplerian orbit.
The flyby of the DSO is predicted to affect the flaring activity of Sgr A* due to the extra amount of cold material reaching the SMBH vicinity. Computational models suggest that if the DSO develops a bow shock then it may lead to shock acceleration of electrons and correspondingly strong flares in radio emission. The size of the bow shock determines the strength of the flares. The initial estimates predicted that the excursions in the flux at centimeter wavelengths would be of the order of 1 − 20 Jy. The revised estimates put the values of the order of 0.01 − 0.2 Jy (Narayan,Özel & Sironi 2012; Sadowski et al. 2013; Crumley & Kumar 2013) , which are within the range of the normal flux variations of Sgr A*.
So far, several observational campaigns at different wavelengths did not reveal any deviation from the usual flaring activity of Sgr A*. The NIR observations by Valencia-S. et al. (2015) with SINFONI during 2013 − 2014 observational campaigns detect three flares of few mJy strength, with no exceptional flaring activity. No increased continuum flux density or extraordinary variability detected in the 2 keV band in X-ray regime (Haggard et al. 2014) , which would be expected from a shock-heated gas. Monitoring of the GC with VLA has not resulted in detectable strong radio flares, and the current estimated variability would be within the normal range of flux density variations observed towards Sgr A* (Sjouwerman & Chandler 2014) .
Our observations of the Galactic Centre with ATCA in 2013 − 2014 do not detect any significant variation in the flaring activity of Sgr A*. The observations taken during the approach of the DSO towards peribothron did not detect any flux density variation in the light-curves within the characteristic flare time-scales. This is consistent with the compact blue-shifted Brγ emission of the DSO observed in the NIR imaging. A presence of a higher mass stellar central source embedded in the DSO would imply that the object would retain compactness through the flyby and the material surrounding the core would be largely unaffected and would not cause large excursions in flux density of Sgr A*. On the other hand, if the central source has the mass of about one solar mass, it may allow a large part of the gas and dust to fall onto Sgr A*. However, for a very short time scale right after the peribothron passage, it is uncertain whether the gas close to the star will remain in the Roche lobe of the star. Given the short distance of approach of the DSO during the peribothron around the SMBH, it is unclear whether the flyby would lead to any flaring activity.
SUMMARY
We have presented the results of the 3mm observations of the GC carried out with ATCA between 2010 and 2014. The light curves of Sgr A* were obtained by calculating the differential flux density using the median subtracted flux density of two orthogonal pairs of baselines. From this data, we detect six different flaring events over three observation days. To model these flares we have used the expanding plasmon model which involves adiabatic expansion of synchrotron source components, based on a model by van der Laan (1966) . The model parameters values, such as the initial blob radius, expansion velocities, spectral index and such were obtained from the fitting. These values are consistent with the previous studies. We estimate the expansion velocities within the range of 0.014 c − 0.025 c. The turnover frequency ν0, separating the optically thick millimeter and sub-mm region (ν < ν0) and the optically thin near-IR and X-ray region (ν > ν0) was found to lie in the sub-mm region between 350 GHz and 660 GHz. The light curve structure is consistent with the previously found variability of Sgr A*, which can be interpreted as emission from the material in relativistic orbits around the SMBH.
Our observations in 2013 and 2014 were taken during the expected peribothron passage of the dusty infrared excess source, known as DSO/G2. The flyby of the object was predicted to give rise to enhanced flaring activity of Sgr A*. During our observations, we do not detect any significant flaring activity, as expected from the observed compact nature of DSO after the peribothron. Further observations of the GC are required to monitor the probable induced flaring activity due to the flyby of the DSO. 
